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r*i the invention 

The present invent «. to a method for detect the presence of 

Lhy ated nucleic acids. In particular. ■ refc.es to a method of 

lase states in a patient, IX. cancer, where nucleic acids in diseased Issue 

become methylated. 

na Ag round Art 

Scientific 

Mention o, cytos** residues in DNA is current though, to play an^ein 
, control norma. <*u» development. Various studies have demonstrated th at a 
Io cordon exists between me,hy,a B on and transcHp.io.ai ,na— 
Considerable evince exists to establfch that in verteOra.es, inacwe gene, *n 
contain a modrfied cytosine rescue s-methvlcytosme (mC) Mowed .mmed^y by 
I gloslne (0, res,due In me DNA sequence. Regions of DNA that are aCvely 
5 engaged in transcription, however, lack 5' methylcytosine residues. 

There is now considerable evidence suggesting the, alterations in the DNA 
gating machines in mammais may play an important ro.e in tumounge esa 
Z Lour progression, in this respect, .oca, hypermethylaflon and generated 
genomic den^yfaSon are receded features of many different types 
20 neopfastts. 

Target tor regional hypermethylation are normally unmethylated "CpG islands" 
.coated ,n gene promoter regions. TWs hype-methylato correfetes wrth 
transcript, repression mat can serve as an aKernatfve to ^^"T™ 
for inactivatlon of tumor suppressor genes, including p16, pis. VHL. and E-cad. 
25 How general genomic hypomethylato and hyphenation of some specie 
regions, in particular, evolve during tumourigenesis is just beginning to be defined. 
Norm* unmethylated CpG Wands appear protected from dense me<hy,a*on 
affecting Immediate flanking regions. In neoplastic « this protect , is lost 

30 disruption of local protective mechanisms. 
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The hypermethylation o» certain genes can a*o have a role to play «. me control 
C me 1 cyde. One such gene * ft. Myf-3 gene. The Myf-3 gene . norm* 
J omethyL in non-maKgna* tissues. RM studies have shown that the 

, There!, a simple method o. detecting hype,methy,a«on of genes should 
provide new approaches to detection and diagnosis of some cancer. 
Mapping of methylated regions in DNA has reifed prima* on Southern Mfeg 
Z K es based on the inabilKy of memylation-sensKve restriction enzymes to 
'uenoes the, contain one or more methyl ^ ~ ™ 

,0 method is relatively i—e. reouires large amounts o, h md* « 9 
DNA and can only prov* information about *ose cytos,ne testes ^found w* 
fences recognized by methylation-sens^e restrict enzymes. A 
^vantage of I Southern B«n 9 methods is that the whole procedure re^es 
7-10 days. 

1S The Polymerase Chain Reaction (PGR) has also been used to detect methylated 
Tna PCB methods, methy^on sensHive enzymes are employed to d,s,,ngu,sh 
Zeen moated and non-methylated SNA. Mo, .P-** ; 
droned to span a region of DNA that Includes a res.nct,on endonuclease 
£L -U» tha, ,s sens«ve to DNA mention. IMhe^rme 
» recogntoon seance * no. moused the DNA is hydro^sed and me 

DNA is destroyed. If the ONA is methylated me enzyme does not hydrops the 
Z and DnI chain synthes* is achieved. Restrict of unmethyiated D A must 

«. posfcve resuK for metric, A further problem is that *. method .nvolves 

25 multiple steps. 

A third method combines PGR rth bisulphite treatment of DNA .0 convert s« 
unmethyiated chines to thymine. Methylated cytosine residues are promoted 
from convetsion to thyn*e by b*u,phite. PCR pnmers *- - 
converted or unconverted cytosfce residues are used to generate DNA cha,n 
30 Zl incuding the cytosine residues under invasion Usual, «d 
sea,en*g steps are recurred to assign wh!* cosine residues « 
This method is technically demanding, labour intense and wrthout olonrng 
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amplification products, requires approximately 10% of the alleles to be methylated 
for detection. 

Current methods of detecting DNA methylation are time consuming, expensive and 
often lack specificity. The present invention seeks to ameliorate these and other 
5 problems associated with the prior art by providing a new an improved method for 
the detection of methylated nucleic acids. 

General 

Those skilled in the art will appreciate that the invention described herein is 
susceptible to variations and modifications other than those specifically described. 
10 It is to be understood that the invention includes all such variation and 
modifications. The invention also includes all of the steps, features, compositions 
and compounds referred to or indicated in the specification, individually or 
collectively, and any and all combinations or any two or more of the steps or 
features. 

15 The present invention is not to be limited in scope by the specific embodiments 
described herein, which are intended for the purpose oi exemplification only. 
Functionally equivalent products, compositions and methods are clearly within the 
scope of the invention as described herein. 

Bibliographic details of the publications numerically referred to in this specification 
20 are collected at the end of the description. All references cited, including patents 
or patent applications are hereby incorporated by reference. No admission is 
made that any of the references constitute prior art. 

As used herein the term "derived from" shall be taken to indicate that a specific 
integer may be ohtained from a particular source albeit not necessarily directly 
25 from that source. 

Throughout this specification and the claims that follow, unless the context 
requires otherwise, the word "comprise", or variations such as "comprises- or 
"comprising", will be understood to imply the inclusion of a stated integer or group 
of integers but not the exclusion of any other integer or group of integers. 
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ftim^ry of the invention 

The present invention provides a method for detecting methylated nucleic acids 

comprising the steps of: 

1) Contacting a nucleic acid sample suspected of containing methylated 
5 nucleotides with an oligonucleotide sequence under suitable conditions for 
nucleic acid hybridization, said oligonucleotide sequence characterised in 
that. 

(i) it comprises a first stem labeled with a fiuorophore moiety, a loop 
sequence having a region of nucleotides complementary to at least a 

10 region of the nucleic acid sample, which region is susceptible to 

methylation, and a second stem labeled with a quencher moiety that is 
capable of quenching the fiuorophore moiety when in spatial proximity 
to the fiuorophore moiety; and 

(ii) the nucleotides forming the first stem are capable of moving into 
! 5 spatial proximity with the nucleotides forming the second stem when 

the probe is dissociated from the nucleic acid sample; 
2) altering the hybridization conditions such that the oligonucleotide probe 
dissociates from unmethylated DNA but remains hybridized to methylated 
DNA; and 

20 3) measuring the change in fluorescence. 

The present invention also relates to kits that include labeled probes as described 
herein that are suitable for use in the invention, together with other reagents, as 
necessary for detecting methylated nucleic acids. For example, a kit may include 
enzymes, primers and buffers for a PCR reaction together with one or more 
25 molecular beacons for detecting amplified product. For multiple assays, kits 
according to this invention might include multiple probes, at least one of which is a 
probe as described for use in the invention. 
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In the drawings: 

Fiau re 1 show, a de.atura.ion profile of various reaction mixture, containing 
i:;LtJnon- m6myl ated targe, DNA sequence, As ~d , the 

. T e ,♦) represents mat use of molecular beacon B against an excess * 

nil My.,. ,, — the use of — = B A -: ^ 
W ess of targe, methylated Myf-3, »> represent ^ 
e^ss of target non-methylated Myf-3, (x ™P«- » * ^ ° ^ „ 
beacon A against an excess of targe, methyfa.e U**M 

,n an equal amount of target against non-methylated Myf-3, and M r 
leLr beacon A against an e q ual amount of targe, methyiated Myf-3. 

„ gur e 2 shov,s me denaturation prcfiie of molecular beacon Aw«h 

L , S-n—d oiigonucleoHdes. As illustrated in , e ^ 
me use cf molecular beacon A against .he preferred Myf-3 target 
15 I L ated oytosme, <♦> represent, tne use of molecular beacor = «- 
referred Myf-3 .get * one ^^ZTJ^Z 
M ' ^TS::T^S A against the pruned 

ao ^against « *« ^ - «» r V tre^X 

(0) represents tne use of molecular beacon A against the preferred My> targ 

with five methylated cytosines. 

r^|| i~i rwscriotion n t the InyentKiB 

According to the present Invention mere is proved a method <o, identifying 
25 laLseguencestha.haveheenme.ylated. 

been found to be sensitK* enough to detect and or drfferenaate be^een 
XI and non-ntethylated nucleic ac* sequences where me,hy.at,on has 
occurred with as tew as a single cytosine residue. 
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Such technology may have wide ranging application as a means to detect the 
presence of methylated nucleic acid sequences in an oligonucleotide sample. 
Mediation of nucleic acid sequences has been found to occur, for example, .n 
cancerous tissue and when foreign DMA is introduced into a host, especially by 
5 way of viral infection. In fact. It is now recognised that DNA mediation is one of 
the ways in which introduced foreign DNA, especially by way of a v.rus, <s 
neutralised or silenced. Where either a cells DNA (eg in cancer) or foreign « 
methylated, the present invention may be used to detect the presence of the 
methylated DNA. 

10 Since DNA mediation influences gene expression, therapeutic strategies aimed 
at reactivating or suppressing specific genes associated with particular disease 
states will most likely require access to a simple method for measuring DNA 
methylation. the present invention provides such a method- In addition, stud.es 
aimed at understanding the most appropriate ways of promoting gene therapy 

15 may also be advanced by the availability of a simple method for d e tect.on of 
methylated cytosine residues, such as that described herein. 

Methylation of cytosine also plays an important role in normalisation of gene 
dosage. For example, in females, one of the X-chromosomes is mainta.ned .n an 
inactive form by cytosine methylation. DNA methylation is one of the major gene 
20 silencing mechanisms involved in parental imprinting. In order to maintam me 
appropriate expression of genes such as H19 tor example, one of the maternally 
or paternally inherited genes are silenced by DNA methylation. DNA methylat.on 
also plays a vital role in many biological processes during development. For 
example, experimental reduction in the ability to methylate cytosine residues 
25 within DNA results in embryological death. 



Thus, the present invention provides a method for detecting methylated nucle.c 
acids comprising the steps of: 

1) contacting a nucleic acid sample suspected of containing methylated 
nucleotides with an oligonucleotide sequence under suitable conditions for 
5 nucleic acid hybridization, said oligonucleotide sequence characterised in 
that, 

(i) it comprises a first stem labeled with a fiuorophore moiety, a loop 
sequence having a region of nucleotides complementary to at least a 
region of the nucleic acid sample, which region is susceptible to 

! o mediation, and a second stem labeled with a quencher moiety that is 

capable of quenching the fiuorophore moiety when in spatial proximity 
to the fiuorophore moiety, and 

(ii) the nucleotides forming the first stem are capable of moving into 
spatial proximity with the nucleotides forming the second stem when 

1 5 the probe is dissociated from the nucleic acid sample; 

2) altering the hybridization conditions such that the oligonucleotide probe 
dissociates from unmethylated DNA but remains hybridized to methylated 
DNA; and 

3) measuring the change in fluorescence. 

20 Preferably, when labeled oligonucleotide sequences dissociate from the target 
nucleic acid sample the first and second stem hybridise together causing 
quenching of the fiuorophore moiety. 

When the loop sequence in the probe binds a complementary sequence in a 
target gene the probe enters an "open conformation" and fluorescence of the 
25 donor fiuorophore is detectable. When the probe is in a closed (hairpin) 
conformation, the fluorescence of the donor fiuorophore is quenched. 

Desirably the loop sequence is complementary to a portion of a nucleic acid 
sequence that undergoes methylation when a cell transforms from a normal state to 
a cancerous state. Further the loop sequence is preferably selected such that it is 
30 capable of specifically hybridizing with the target sequence, but is unable to form 
internal structures that favour maintenance of the probe in a 'dosed configuration" 
(ie when the two stems hybridise together). In a particularly preferred probe design, 
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the probe is designed to hybridise to a region in a nucleic acid sequence that has a 
high proportion of CG oligonucleotides that have the potential to be methylated. 

In one preferred embodiment, the present invention may be used to detect the 
presence cancerous cells in a tissue sample. Methylation of various genes has 
been implicated in the onset or development of cancerous states in various cells. 
One such gene that is known to undergo such a transformation is the Myf-3 gene. 
Other genes that may contain regions of DNA that are normally unmethylated but 
become hypermethylated in neoplastic cells include, for example, the PAX genes, 
calcitonin and glutathione-S-transferase-n(pi) genes. 

Specific cytosine residues within a particular region of glutathione-S^transferase 
(pi) have recently been shown to be exclusively methylated in malignant prostate 
tissue (1). Identification of the cytosine residues within glutathione-S-transferase 
(pi) that are abnormally methylated in prostate cancer tissues provides a new 
method for the diagnosis of malignancy of prostate tissue. 

15 As a gene becomes methylated there is a progressive increase in the melting 
temperature of the gene and Its complement. The present invention capitalises on 
this characteristic to distinguish unmethylated and methylated nucleic acids. 

When a labeled oligonucleotide sequence, as described herein, encounters a 
target complementary DNA sequence, it should desirably form a hybrid with that 

20 sequence that is stronger and more stable than the hybrid formed by stem 
sequences. When this happens the labeled oligonucleotide sequence undergoes a 
spontaneous conformational change that results in the stem sequences moving 
away from each other, causing the labeled oligonucleotide sequence to enter an 
"open conformation," wherein fluorescence can be detected since the fluorophore 

25 is no longer in dose proximity to the quencher. According to the present invention 
unhybridized labeled oligonucleotide sequence should not be capable of 
fluoresceing. 

Detection of methylation according to the invention is achieved by altering 
hybridization conditions during a hybridization reaction to facilitate dissociation of 
30 labeled oligonucleotide sequence from an oligonucleotide sample. Preferably 



remains bound to methylated DNA. 
unmethylated DNA. 

conception of the safls in the sduton in which » is dissolved. 
Where the melting tempera ot . particular oligonucleo* sequence 

1 annexed to a n^ated and an un m e,hy,a,ed gene * 
20 hybridization conditions may be varied by creasing the hybr.d.zat.on temp ^ 
,o me temperas ma, causes the .oop sequel to mei, away from ^ 
cU-hentary ^ 3 ene sequence but no, methylated targe, gene *,u^ 
Measurements should then be taKen of the amoun, of fluorescence m me reac.0 
L,e and *e res* should be analysed. Because the stem sequences « 
25 Tied to con* .ogemer fo,,owlng separate, from unmethylated gene sequence a 
drop in fluorescence should be observed. 

Where ,he melting temperature of a iabeied ofigonucleofide sequence bounc I to a 
melted and/o, unme.hyfa.ed nuclete «d sequence is no. known r mere 
un oeLty about me meKng tempered, a piuraiity of drfferen, con,ro, react»n 
30 TpTefely perfemed in pa,a>,el wfth me ,es, sample. The control «*« 
shou'd con B in a, leas, a corresponding gene sequence mat is eHher unmanned 
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or methylated or, if desired, both unmethylated and methylated reactions may be run 
as two separate controls. 

The term "molecular beacon" as used herein refers to a molecule capable of 
participating in a specific binding reaction and whose fluorescent activity changes 
when the molecule participates in that binding reaction. The labeled oligonucleotide 
sequence referred to above is for the purposes of this invention a molecular beacon. 

A labeled oligonucleotide sequence is "hybridizable" to a nucleic acid molecule, 
such as a cDNA, genomic DNA, or RNA. when a single-stranded form of the 
sequence can anneal to the nucleic acid molecule under the appropriate condrtions 
of temperature and solution ionic strength (see Sambrook et a/., 1989. (2)). The 
conditions of temperature and ionic strength determine the "stringency" of the 
hybridization. An example of progressive higher stringency conditions « as 
follows: 2 x SSC/0.t% SDS at about room temperature (hybridization cond.tions); 
0.2 x SSG/D.1% SDS at about room temperature (low stringency conditions); 0.2 x 
SSC/0.1% SDS at about 42°C (moderate stringency conditions); and 0.1 x SSC at 
about 68°C (high stringency conditions). Hybridization requires that the probe and 
the nucleic acid molecule contain complementary sequences, although depending 
on the stringency of the hybridization, mismatches between bases are possible. The 
appropriate stringency for hybridizing nucleic acids depends on vanables well known 
20 in the art. For example, the length, degree of complementarity, nucleotide 
sequence composition (e.g.. GC v. AT content), and nucleic acid type (e.g., RNA 
v, DNA) of the hybridizing regions of the nucleic acids can be considered in 
selecting hybridization conditions The greater the degree of complementary 
between two nucleotide sequences, the greater the value of T m for hybrids of nucleic 
25 acids having those sequences. The relative stability (corresponding to higher T m ) of 
nucleic acid hybridizations decreases in the following order: RNA:RNA, DNA: RNA, 
DNA: DNA. For hybrids of greater than 100 nucleotides in length, equations for 
calculating T m have been derived (see Sambrook et al., 1989. supra, 9.50-9.51). 
For hybridization with shorter nucleic acids, the position of mismatches becomes 
30 more important, and the length of the oligonucleotide determines its specificity (see 
Sambrook et al., 1989, supra, 11.7-11.8). Preferably the loop sequence comprises 
at least a minimum number of nucleotides to avoid non-specific binding between the 
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probe and its target nucleic acid sequence. Desirably a minimum length for a 
hybridizable nucleic acid is at least about 10 nucleotides; more preferably at least 
about 1 5 nucleotides; most preferably the length is at least about 20 nucleotides. In 
a highly preferred form of the invention the loop sequence is a structure of 
5 approximately 1 8 or 1 9 bases. 

While the loop sequence should contain at least about 10 nucleotides, the stem 
sequence, may comprise any nucleic acid sequence that ensures hybridi Z at.on 
between the two stems when in a free (i.e. unbound) state. In this respect, the stems 
need not be of equal length. If the stems are of different lengths, they must be 
10 capable of bringing the fluorophce and the quencher into spatial proumrty to 
quench the fluorescence of the flucrophore when the two stems hybrids to each 
other In one form of the invention the stem sequences will not hybridise to the 
probe's target gene and are of a sufficiently short length to avoid non-speaftc 
binding between the stem and any other nucleic acid sequence in the reaction 
15 mixture. In another form of the invention one of the stems may be adapted to 
hybridise to the target gene sequence. 

The minimum and maximum lengths of the stems should preferably be about 4 and 
8 nucleotides respectively. Further, the stem sequence may contain one or more 
methylated cytosine residues that are capable of aiding the stem sequences to 
20 hybridize when brought into spatial proximity of each other. 

Mg- + has a powerful stabilizing inf'uence on the stem hybrid. In a particularly 
preferred embodiment of the invention the hybridization reaction is carried out in 
the presence of a sufficient concentration of Mg" ions that is capable of 
facilitating stem hybrid formation. It is preferable that the reaction mixture contains 
25 MgCI 2 to increase the stability of the hybrid. Preferably the concentration of MgCI 2 is 
5mM to 10mM. 

A further consideration for the length of the probe as a whole will be the need to 
create a minimum distance between the fluorophore and the quencher moieties 
used in the probe when in the open conformation to avoid quenching of the 
30 fluorophore. This optimal distance will vary with the specific moieties used, and 
may be easily determined by one of ordinary skill in the art using techniques 
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known in the art. Desirably, the loop sequence is at least twice the length of the 
stem sequences to ensure that the conformational change occurs upon 
hybridization and to ensure that the fluorophore is sufficiently far from the 
quencher to restore full fluorescence. Preferably the moieties are separated by a 
5 distance of up to 35 nucleotides, more preferably from 1 0-25r»ucleotides, and still 
more preferably from 15-20 nucleotides. 

To avoid false positives in the method, the amount of probe employed in the 
reaction is desirably at least equal to or greater than the relative amount of target 
nucleotide sequence in the sample. Determining the concentration of target 
10 nucleotide sequence in the sample may be achieved by any method known in the 
art. 

Oligonucleotide probes used in the invention can be synthesized by a number of 
approaches known in the art (see, for example 3,4). The oligonucleotide probes 
of the invention are conveniently synthesized on an automated DNA synthesizer, 

15 e.g. an Applied Biosystems, Inc. Foster City, Calif.) model 392 or 394 DNA/RNA 
Synthesizer, using standard chemistries, such as phosphoramidite chemistry, e.g. 
disclosed in the following references: Beaueage and Iyer, (1992) Tetrahedron , 
46:2223-2311; U.S. Pat. No. 4,980,460; U.S. Pat. No. 4,725, 677; U.S Pat. Ncs. 
4,415,732; 4,458,066 and 4,973,679; and the like. Alternative chemistries, e.g. 

20 resulting in non-natural backbone groups, such as phosphorothioate, 
phosphoramidate, and the like, may also be employed provided that the 
hybridization efficiencies of the resulting oligonucleotides and/or cleavage 
efficiency of the exonuclease employed are not adversely affected. 

The fluorophore and the quencher may be attached to the probe by any means that 
25 enables quenching of the fluorophore when in a closed conformation and 
illumination of the fluorophore in an open conformation. For example the moieties 
may be attached to the probe by chemical linkers etc. Preferably the fluorophore 
and or the quencher molecule are attached to the 5' or 3' terminal nucleotide in the 
probe. Methods for attaching such moieties to a nucleotide probe are known to 
30 those skilled in the field. 
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A fluorophore is a chemical compound which when excited by exposure to 
particular wavelengths of light, emits light (ie. fluoresces) at a drfferent 
wavelength. Fluorophores and quencher molecules participate in fluorescence 
resonance energy transfer (FRET). 
5 in FRET energy is passed non-radioactively over a long distance (1 - 10nm) 
between the flurophore and a quencher molecule. The fluorophore absorbs a 
photon and transfers this energy non-radioactively to the quencher. When the 
fluorophore and the quencher are in close proximity and the emiss-on and 
absorption spectra overlap the energy of the fluorophore Is transferred to the 
10 que p C her without subsequent emission of fluorescence. Preferably, the nature of 
the fluorophore-quencher pair is such that energy received by the fluorophore * 
transferred to the quencher and dissipated as heat, rather than being em,tted as 
light. As a result the fluorophore is unable to fluoresce. 

Combinations of a fluorophore and an interacting molecule such as a quenching 
15 moiety are known as "FRET" pairs. The primary requirement for FRET .a that the 
emission spectrum of the fluorophore overlaps with the absorption spectrum of the 
quenching moiecu.e. The efficiency of energy transfer decreases proportionately to 
the sixth power of the distance between the fluorophore and quencher molecules. 
One of ordinary skill in the art can easily determine, using art-known techniques of 
20 spectrophotometry, which fluorophores and which quenchers will make su-table 
FRET pairs. Molecules that are commonly used in FRET pairs include fluoresces 
S-carbcxyfiuorescein (FAM) , 2 T.dimethoxy-4'5'dichloro-5-carboxyf.uorosce,n (JOE), 
rhodamine, 6'carboxyrhodamine (R6G), N,N,N',N--tetramthyl -6-carboxyrhodamine 
(TAMRA), 6-carboxyOC-rhodamine (ROX). 4-(4'-dimethylaminophenylazo) benzoic 
25 acid (DABCYL), and S-(2 l -aminoethyl)aminonaphth a lene-1-surfonic acid (EDANS). 
Preferably FAM (which has an emission maximum of 525 nm) is used as a 
fluorophore for TAMRA, ROX, DABCYL and R6G (all of which have an excitation 
maximum of 514 nm) in a FRET pair. Alternative the fluorophore may be EDANS 
and the quencher may be DABCYL. 

30 The above method has general application to detect any DNA sequence which is 
methylated in cancerous tissue while hypomethylated in noncancerous trssue. In 
one embodiment of the invention the labeled oligonucleotide sequence is directed 



against a. ..as, a tL. sequence h *. My" Q~- **«— ««■ 

sequences of the Mydgene are as follows: 

ST GCG SCO AOV OCQ ACQ CGT CCA GCC CGC QCT CC 3 



5' TTA TAC CGC 



AGG CGG QCG AGC CGC QQG CGC TCG CT 3' 
5' CCG AgVgcI CT3 CGG GGC CCG CCC TCC TGC TGG CG 3' 
ln another embodiment the invention the .abeied oligonucleotide sequence* 
greeted against a, J . sequence In the ,utathione- 
gene . Preferable targel sequences o. the glutathione-S-transferase <pi) gene 

would be as follows: 1 , mT uriT 

, o 6' CtC GAG CGA Lg CCT CGC GGC CTC CGA GCC TTA TAA G 3 

5 . GGG GAC GCgIgC CGC GCG TAC TCA CTG GTG GCG A 3' 
The above sequences ar! particularly preferred targets for molecular beacons for 

the following reasons: 

* .heyco^nahlghdensi^o.CGOinudeotides^ct.havo.hepotentaltobe 

15 „ The Xing sequences Mud. sufficient numbers of the nudeot^s A 
and T in order to make the beacon spe* tor Myf-3 or glutathrtne-S- 

transferase(pi) 

a beacons designed to hybridise wit* these regions are mostly unabie to 
form any inappropriate internal structures that may favour maintenance of 
the beacon in a closed configuration 
m a highiy preferred for. of the invention the temperature of *• 
reaction is maintained at 20°C for 20 minutes and increased from 25 C to a 
increments of 2' v*h a 2 minute stabilising time. As the temperature is increased 
from 50<C to 90<C at increments of 2°C even; 5 minutes the fluorescence of the 
reaction mix is monitored. Still preferably, the temperature is al.owed to increase 
from 50'C to 95<>C in 2' increments with each temperature being held for 1 m.nute. 

The present invention also includes reagent kits that include labeled probes 
according to this invention, together with other reagents for an assay. For 
example, a Kit may include enzymes, primers and buffers for a PGR reacfon 
together with Molecular Beacons for detecting amplified product. For multiplex 
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assays, kits according to this InvenSon will Induce multiple probes, at least one of 
which is a probe according to this invention. 

«t Pertopnirffl »h« Invention 

Further features of me present invention will be more fully described in the 
5 following Examples. It is to be understood, however, mat «* detailed description 
is included solely for the purposes of exemplifying the invention, and shouki no 
be understood in any way as a restriction on the broad descnption as set out 
above, in particular, ft will be understood that all temperature ranges and «Mr 
such varies prescribed In the examples are given as indicative only, and that 
10 parameters outside these limits may also provide useful results. 

Molecular biological methods mat are no. expWy described in ****** 
Examples are reported in the literature and are Known by those skilled in the art 
General texts that described conventional molecular biology, microbiology, and 
recombinant DNA techniques within the skill of the art, included, for example. 
« SembrooK. * *. Mo/ecuter Cloning: A Moratory M«* Second Edtoon, GaU 
Spring Harbor Laboratory Press, Cold Spring Harbor, New York 

DMA Cloning: A Pm*XW*. ' »■ MRL Presa > ^ ^ 

0985)-, and Ausubel, F„ Brent, R, Kingston, R.E., Moore. D.D.. Se,dman. J.G.. 
Sm*. J.A., Struhl. K. Currenf protocols in mo/ecu/ar biology *~* p « blfel ™9 
20 Associates/Wiley Intersciances. New York. 

F /AMPLES 

Probes 

Two molecular beacons with loop sequences complementary to the preferred region 
of the Myf-3 gene were purchased from the Midland Certified reagent company. 
25 Molecubr beacon A contained a 1 8-nucieotide long complementary loop sequence 
and a 6 nucleotOde-stem sequence (see Table i). ft. of the 12 stem nudeoMM 
were also complementary to the target sequence. 

Molecular beacon S contained the same 18-nucleotlde complementary bop 
sequence with a 5-nucleotide stem sequence (see Table 1). The probe sequence . 
30 one base longer in molecular beacon A then In B w«h the extra base creawg an 
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extra base pair adjacent to the stem. Four of the 10 stem nucleotides were also 
complementary to the target sequence. 

T arget DNA 

To investigate the temperature profiles of methylated and nonmethyiated DNA 
5 using molecular beacons, oligonucleotides of 32 bases representing the preferred 
region of the Myf-3 gene and complementary to the molecular beacons were 
purchased from Bresatec The oligonucleotides contain 7 CQ sites which .nclude 
cytosine residues that are able to be methylated. In the 5M oligonucleot.de 
cytosines within each of the 7CG dinucleotides were replaced with 5-methylated 
10 cytosines. The Non-5M oligo remained unmethylated- Al. the oligonucleotides 
and the molecular beacons purchased were HPLC purified. 

Table 1; Aigonucleotide sequences 




" Molecular beacon a 


5'-(6FAM) CGA GGC GGG CTG GAC GCG TCG faAto 
GCCTCG (DABCYL)-3' 


Molecular beacon B 


«-.<«FAM) CGA GGG GGC TGG ACG CGT CGG 
AnCCTC G fDABCYLkl 


Complementary strand A 


" 5'CTC CGA CGC GTC CAG CCC G-3' 


Complementary strand B 


I'-CTC CGA CGC GTC CAG UuO-3' 


5M \ 


5'-GCn,G GCmG AC I CU ffl G AC^G C*GT CCA GCC~1 
C m GCm GCT CC-3' 


Non-5M \ 


5 -GCG GCG "ACT CCG ACG CGT CCA GCC GGO 
GCT CC-3' 

. — — — — 
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5M = preferred Myffe *«* sequence. 5M methylated, N 0 n-5M *m*W« ( see P a 9 e ^ " ne 8) ' 
The stem sequenceaare underlined 
Thermal denaturation profiles 

Molecular beacons are known to linearize and hybridize with complementary DNA at 
certain temperatures releasing fluorescence as an indicator of hybridization. In 
order to determine the effects of changing temperatures on the level of fluorescence, 



-t7. # 

thermal denatured profiles were carried out with different oligonucleotides and 
beacon, Three d**ent ***** — s were invite and 
1^ denature pro«e was *osen tor M* **. The fluorescence was 
! dunng each profile by us,g a presence reader with a programmed 
5 temperature control (PE/ABI 7700 Applied Biosystems). 

The M pro* included increasing me temperature from «-C*-C a. 1 • steps * 
, hrinn held for 1 minute, in the second profile, the temperature 
r — B ^TZ minutes and increased « » « - 
Hents „ r . . — s« « - .uoresoence was n— 

=^ wi «sQ°C to 90'C at ncrements of 2 every d 
1 n a<? the temperature was increased from 50 o to au o 

I!. : another pr.,e,ne same steps 

detected as the temperature was increased at .ncrements of every 

T ne fluorescence intense o, a, each temperature was plotted as a , - 
temperature on a linear scale from 0-100%. Representative profrles are shown 

15 Fig. 1. 

Reaction mfe 

«ng cu.e ,penments were -ducted by ^^T*^ 
0 ,; g onucleotides to a reaction mixture containing 2 0mM ms-HC <^»^ of 
end SmM M 9 C, The moleclar beacons were added to a frna, concen a * 
zo m The reaction matures were made to a final volume of 50 u, w*h double 
I»ed water. 

rninute. in order to minimise any motto* beaconAarge, .nteraCon pnor to 
temperature control, 
i^ yhririteation C onditions 

2S ,n order to determine the ration efficacy and the "**™»«^ 
oligonucleotide needed for hybrids, the nucleotides wereadded 
Med and excess amounts to ft. reaction m**re C ,e. fa* 3*. La*- 

Excess, 6{aM, 12jaM respectively). 
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r( mm inaH 0 P n< the effects at MM concentrat i o n 

D H, al *n t «. such as M S » are known to have powerful siting , *W or .the 
aem hybrid, The effects of dWeren, saft concentrations on denature pro** o 
Tecl deacon B *h strand A and B were >nve« Rea^n 
S « e,ual. linked and exoass amounts o, — *-~ * 

lOrnM, 5mM and OmM concentrations of MaClj. 
j^..^ ^...r.tinn orofHns w ith rnethyl^t^laafflSteSiiasi 
Mo te cu,r beacon A and B were added to a *na, concentration of 3uM toiler, 
mixtures containing epual, limited and excess amounts of me ft£tf 
,o oligonucleotide. « and non-me.hyla.ed o„gonuc,eo«des. ^ ^ 
, 1m and *M respecdveiy). The reaction mixtures wers then sub,e«ed . to me 
Lperature P ro«e: 2CC for 20min, 2SX-3S-C in r increments each m,, and 
50-C to 90'C at 2- increments every Smin where fluorescence was monrtored. 

p ^^irahnn of f r Hy* "diction ProflU 

18 ,„ order to construe, a denaturation pro* for the moiecular beacons w,th 
complement strand A and B, me temperature was a»owed to .ncrease from so C 
« 95'C in v increments wnh each temperature being held for Imin. Th*r*su,,ed „ 
. typical sfcmoid curve. When the temperature was raised, the ~nce was 
leased This was due to a conformational change of the molecuiar beacon from 
20 the stem loop structure to a random coil structure. 

wording to Tyagi et al.. (5) macular beacons hybridise spontaneously to , Mr 
.argets a, room temperate. Therefore the mtture was incubated ,n*a,fy at 20 0 
ta r 20 min to allow tor effects hybridation of the target to the molecular beacon. 
The fluorescence reaches a maximum at approximately 60-C. 

deceased rapidly or reached 0% fluorescence. This temperature represented the 
temperature at which *e probe-target hybrid melts. For molecular beacon B -h 
complementary strand A and B the hybridisation men temperature was 
approximately 74-C-76-C. The hybhdlsation meting temperature for molecular 
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bea00 n B was a W « - tne — «— * » ~» 

0% after the byb— t men temped - reach * *• 
hand % fluorescence 0 f beacon A wrih strand A dropped around 76 C-78 C out 
not reach 0% even at 90 a C. 

Wh the above mended temperature P rof,.e i. was possib,e to measure cons^em 

hybridisation. 

, n,de, to determine the minimum amounts of oligonucleotide necessary for 
^ r ™-ar beacons A - B were added . ~ 
fining equal, «ed and excess amount of * «J 

hybridation melt temperature was observed ,n MM t.5uM « >M 
o gonuclectae sampfcs * me exception of 1*M o„gonu=,eo»d sarnie w* 
mlcuiar beacon B. A hybridisation me,, temperature of ^ ° ^ 

, comp— y s,and A and approbate* 7TC w»h ccmp.ementary strand B was 

observed. 

Th. maximum fluorescence intense reached with equal amounts of 
- ~ than «te reaction matures * excess *o— 
Z hybr^tton temperature was aiso eievated in the ^ 
,„ sample, For exampie molecular beacon with equal amounts d ^strand A ha a 
• hybrid temperature o, « -* - * - reac.cn m^ -ss 
strand had a melt temperature of approximately 74 C. it was general y 
1 for effect molecular beace,,arget hybridisation to occur, it * necessanr to 
have the target either in excess or a, least in equal amounts. 
25 m ..it eane r ntnflrn- " tlffi f""t.., a tl 0 n profile! 

Anaiysis o, deferent sal. conceptions with modular beacon B «»^ ^ 
B indeed *a.the presence of MgCfe in the reaction mixfcre peases the ««y 
of the hybrids as predicted. In both IWed and equal amount, o. 4 



concent, ^ 
only a marginal Urease h*"—"" intenS *" Wa5 00S9,V9d - 

Mrrhvl**'"™ detection 

NorvSM, 

FO r exampia, as shown in B, 1 , — - ^ 

„._. ( »h, RO"C while he non-metnyiatea r«m»» 
melted at approximately 80 t. wn. „„,„,„« of 5M had a 

■ . , oc- Molecular beacon A with excess amounts ot aw 
0 approximately 69 C. Molecula ^ n0(vSM t ^ 

hybr *a«on mart temperature « appro*™.,* ' « me 
proximate, « V», mo..* h^n E a~ ^ 
hybr id*ation started l0 meH a, app— ly « ° * * was 

»t « slower rate. With excess r»on5~M the memny h 
decreasing at a slower rai«?. 

15 approximately 64 8 C. 

sejsjflaatiaJ^^ 

Tne mo^ar Peacon « - » -« — ^n^T^ 

DMA when an 7 cytosine resides w«hin the CpG d,nuctoo.,de m *'* 
Le 1). To determine me minimum number ot cy.os.ne m*~ « ' 

spared totargets which have 1 or no mediated cytos,ne residues. 





,. GC Lc<3ACTC M caA^C3TCC A GCCC G ca CT cc.3. 

^OclcOACTCCGA^^TCOAGCC^COCTCCS- 
s . . 003 L ACT CCG ACGCGT CCA GCC CGC GCT CC - 3 
5" - GCG <L ACT CCG ACG CGT CCA GCC CGC GCT CC - 3 

, . aca gL act ccg acg cgt cca gcc cgc gct cc - 3 

M^methylatld cytosine residues. 
NB ReactiorlprofHesshowr inFig.2. 

, 5 " derec. to « Jj - ■«* * «» ^ 
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